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PERFORMANCE OF RED PIGMENT PRODUCTION BY Monascus 
purpureus AT DIFFERENT EXTRACTION METHODS 
 
ABSTRACT 
 
The purpose of this research is mainly to study the performance of red pigment 
production at different extraction methods. The strain used in this study is Monascus 
purpureus which produce red pigment and red yeast rice was used as the substrate in 
the solid state fermentation. The initial moisture content in fermentation would be 56% 
which was considered as optimal pigmentation to be occurred. It would then be 
inoculated with 1x107 spore/ml suspension of inoculum. Extraction methods 
including solvent extraction, Soxhlet extraction, agitated extraction and ultrasonic 
extraction were being carried out after fermentation process complete. Each methods 
required several conditions to be fulfilled to achieve the objective of this research. In 
this study, the best solvent used was 60% ethyl alcohol. Uv-Vis spectrophotometer is 
used to analyze red pigments in the extracts which were quantified by reading the 
absorbance at wavelength of 500 nm for this pigment. Thus, the best performance of 
the methods was identified by maximum extracts achieved which was measured by 
concentration of extracted product obtained. Solvent extraction was used as the 
reference and this method produced 1.278AU/g.d pigment extract. The results were 
1.268AU/g.d for ultrasonic extraction, 1.265AU/g.d for agitated extraction and 
0.128AU/g.d for Soxhlet extraction. The best method was ultrasonic extraction as 
compared to solvent extraction in a separate experiment and it produced 
0.920AU/g.d than in solvent extraction, 0.869 AU/g.d pigment extract. The 
increrment percentage was about 5.81%.  Besides, an analysis of variance (ANOVA) 
was carried out to investigate the significance to use the methods, showing the p-
value. The p-value for agitated extraction was 3.63x10-7, 8.35x10-8 for ultrasonic 
extraction and 3.79x10-7 for Soxhlet extraction. All of the methods were significant 
to be carried out since all of the p-value was lower than 0.05. 
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PRESTASI PENGELUARAN PIGMEN MERAH OLEH Monascus purpureus 
PADA KAEDAH PENGESTRAK BERBEZA 
 
ABSTRAK 
 
Tujuan kajian dilakukan adalah untuk mengkaji prestasi pengeluaran pigmen merah 
pada kaedah pengekstrakan yang berbeza. Mikrob yang digunakan dalam kajian ini 
adalah Monascus purpureus yang menghasilkan pigmen merah dan beras yis merah 
digunakan sebagai substrat dalam fermentasi keadaan pejal.Kandungan kelembapan  
dalam fermentasi akan menjadi 56% di mana pigmentasi optimum berlaku. Ia 
kemudian akan disuntik dengan 1x107 spora/ml inokulum. Kaedah pengekstrakan 
termasuk pengekstrakan pelarut,pengekstrak Soxhlet,pengekstrakan pergerakan dan 
pengekstrakan ultrasonik dijalankan selepas proses penapaian tamat. Setiap kaedah 
memerlukan beberapa syarat yang perlu dipenuhi untuk mencapai objektif.Dalam 
kajian ini, pelarut terbaik yang digunakan adalah  etil alkohol 60%, alcohol. 
Spektrofotometer UV-Vis digunakan untuk menganalisis pigmen merah dalam 
ekstrak yang kuantitinya dengan membaca keserapan pada panjang gelombang 500 
nm untuk pigmen ini. Oleh itu, prestasi yang terbaik kaedah-kaedah ini telah dikenal 
pasti mengikut ekstrak maksimum yang dicapai, diukur dengan kuantiti produk 
diekstrak yang diperolehi. Pengestrakan pelarut digunakan sebagai rujukan dan ia 
menghasilkn 1.278AU/g.d pigmen. Keputusan menghasilkan 1.268AU/g.d untuk 
pengestrak ultrasonik, 1.265AU/g.d untuk pengestrak pergerakan dan 0.128AU/g.d 
untuk pengestrak Soxhlet. Kaedah yang terbaik adalah pengestrakan ultrasonik 
apabila dibandingkan dengan pengestrakan pelarut dalam eksperimen berasingan dan 
ia menghasilkan 0.920AU/g.d berbanding sebanyak 0.869 AU/g.d pigmen dalam 
pengestrakan pelarut. Peratus kenaikannya adalah sebanyak 5.81%. Analisis varians 
(ANOVA) dilakukan untuk mengetahui kepentingan penggunaan kaedah tersebut.. 
Nilai-p untuk pengestrak pergerakan adalah 3.63x10-7, 8.35x10-8 untuk pengestrak 
ultrasonik dan 3.79x10-7 untuk pengestrak Soxhlet. Semua kaedah adalah penting 
kerana nilai-p kurang daripada 0.05. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 RESEARCH BACKGROUND 
 
During this recent year, the use of natural additives in food technology has 
been well-known since the usage of artificial color additives cause several diseases 
and harmful to health due to their toxicity (Velrumugan et al., 2009). Therefore, in 
order to give attractive color to food or textiles, industries of producing color 
additives and dyeing agents had been introduced. As a result of, the natural dyeing 
agent and natural additives had been in a great world demand for its non-toxic and 
environmental friendly behavior.  
Biopigments are secondary products from fermentation with natural 
substrates. Since they are natural and produced rapidly compared to pigment from 
animal or vegetable, the fermentation process contributes to a great concern in food 
industries (Carvalho et al., 2007). An example of microorganism which can produce 
this product is a strain of Monascus purpureus. The highest production of pigment 
and maximum biomass was observed in the M. purpureus (Velrumugan et al., 2009). 
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Japan was the main consumer of Monascus pigment since its annual 
consumption increased to 600tonnes in 1992 from 100tonnes in 1981and the value 
was about $1.5million(Rosenblitt et al., 2000; Duffose et al.,2005).The colors of 
pigments analyzed by Monascus species are red pigment, yellow pigment and orange 
pigment. However, red pigment can also be produced by other species, for instance, 
Paecilomyces sinclairii which differed in some aspects (Lim et al., 2000). Red 
biopigment is considered as the most important since this application of producing 
red biopigments in industries may substitute the usage of synthetic pigment 
(Carvalho et al., 2007).  
It is also crucial to select high potential natural substrates in order to produce 
high yield of red biopigment. Cassava bagasse, cassava and rice are among natural 
substrates that can be used. Monascus purpureus is cultivated on rice substrate to 
produce red yeast rice during fermentation. Red yeast rice produce high pigment 
yield compared to other substrate. Cassava bagasse is not preferred as it produce low 
pigment yield (Carvalho et al., 2006). Fermentation can be carried out by several 
different approaches which are solid-state or submerged fermentation. In both ways, 
best conditions in fermentation broth need to be maintained. Solid state fermentation 
is chosen in this study.  
This study will be continued with extraction methods after fermentation 
finish. This research aims to investigate the performance of red pigment production 
by Monascus purpureus FTC 5356 at different extraction methods which are solvent 
extraction, agitated extraction, ultrasonic extraction and Soxhlet extraction at 
different conditions. The efficiency of these methods will be compared. 
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1.2 PROBLEM STATEMENT 
 
    The needs for biopigments are higher compared to synthestic pigments as it is 
beneficial to human heatlh. Only several research investigated the use of red yeast 
rice during fermentation. There is also lack of study comparing the extraction 
methods of red pigment by Monascus species. As such, research need to be carried 
out in order to fulfill the requirement. Therefore, this study is carry out to compare 
the performance of extraction process in producing biopigment using strain of 
Monascus cultivated on rice. This study will stress more on the extraction methods 
use besides fermentation process where no contamination occurred. The results 
obtained can be applied in industrial applications to fulfill the demand.  
 
 
1.3 RESEARCH OBJECTIVE 
 
The main purpose of this study is to investigate the performance of red 
pigment production at different extraction methods. 
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1.4 SCOPE OF PROPOSED STUDY 
 
 In order to achieve the objective, there are several types of extraction 
methods will be carried out which are solvent extraction, agitated extraction, Soxhlet 
extraction and ultrasonic extraction. Different methods have their own conditions to 
be performed outlined as: 
•     Solvent extractions or known as static extraction will be performed by mixing 
the fermented substrate with different solvents at room temperature. This method 
will show which solvent is the best solvent and will in turn use in other extraction 
methods. 
• Agitated extraction is performing with different ratio of solvent to substrate of 
the best solvent evaluated before in solvent extraction in similar speed. It will 
show which ratio is the best. Agitated extraction is repeating with other different 
speeds with the best ratio obtain.  
•     Soxhlet extraction is carrying out to enable the extraction of different 
fermented mass by the best solvent. This will provide the relation between 
extracted yields with mass of substrate. 
•    Ultrasonic extraction is performed at different times in order to investigate 
which time shows the maximum extraction.  
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1.5 SIGNIFICANCE OF STUDY 
 
 This study is believed to provide crucial information for the most important 
solvent can be used in different extraction methods to extract red pigment. On top of 
that, it also outline different extraction methods in red bio-pigments production at 
different conditions provided. As such, the best performance of this pigment at those 
methods can also be investigated and will in turn be applied in industrial 
applications. 
On top of that, this study is also important for the extraction of bio-pigment 
which can be used as natural coloring agent instead of artificial color additives in 
food technology industries and as dyes in dyeing industries. The demand for natural 
color additives has been high nowadays due to the fact that artificial agent will give 
disadvantages for health. It was also investigated that natural coloring agent is more 
beneficial to health. It was not only used in food technology but also can be treated 
as a therapeutic agent. The red color of this bio-pigment from Monascus purpureus 
can be used to colorize meat and sauces while in therapeutic activities, it can ease 
digestion system. Therefore, this study is very important to be carried out. 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
A review is performed to identify the performance of Monascus purpureus in 
producing red pigment by different extraction method. In order to identify the 
material for this study, this chapter will elaborate on five major topic reviews which 
involve background of fungi, secondary metabolite products, pigment of fungi, solid 
state fermentation and extraction methods. This research is basically discussed on the 
efficiency of different extraction methods in production of red pigment by this 
Monascus purpureus.  
 
2.1      BACKGROUND OF Monascus purpureus 
 
 Monascus Purpureus is among the fungi that are generally involved in the 
production of pigments like yellow and red pigment. It can be cultivated on 
substrates which contains startch like rice. Table 2.1 show that highest production of 
pigment and maximum biomass was observed in the M. purpureus (Velrumugan et 
al., 2009). Due to its effects in food industries, this species had been widely used as a 
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Chinese traditional fermentation fungus on food for more than thousands years in 
China. Actually, Monascus species is among the Monascaceae family which belongs 
to Ascomycetes group. M.pilosus, M.purpureus, M.ruber and M.froridanus are 
generally the genus of this Monascus species(Pattanagul et al.,2007;Lin et al.,2008). 
This species are called with several names according to the several languages in 
countries. Japanese call this fungi as benikoji while Chinese with a name of zhitai. In 
Europe, this fungal is known as rotschimmelreis, and red mould in USA. With the 
ascospores appeared to be in spherical shape of five microns diameter, M. purpureus 
can be easily differentiated from other species (Pattanagul et al., 2007).  
 Besides that, cultivation of Monascus fungi with rice can produce angkak or 
red yeast rice which in turns converts starchy substrates into several metabolites such 
as alcohols, antibiotic agents, antihypertensive, enzymes, fatty acids, flavor 
compounds, flocculants, ketones, organic acids, pigments and vitamins. Monascus 
pigments, cell bound and hydrophobic species, contain an aminophilic moiety which 
will react with compound containing amino group on its substances to form water-
soluble pigments (Mapari et al., 2008). The examples of amino group-containing 
compound are proteins, amino acids, and nucleic acids.  
Thus, the application of Monascus pigment as a coloring agent in food will 
provide an additional advantage of specific flavor in the products. It is possible to use 
it as food colorant in order to avoid allergic problem which occur from synthetic 
additives. However, many factors in Monascus production must be considered to 
ensure that angkak production could be carried out safely while maintaining its 
functional characteristics. 
 
 
8 
 
Table 2.1 Pigment production obtained by five filamentous fungi  
Fungi pH X (gdm-3) UA400 UA550 UA600 Extract 
coloura 
M.purpureus 5.2 6.02 ± 0.3 25.0 ± 
1.6 
20.1 ± 
1.4 
16.6 ± 
1.8 
R 
Isoria spp. 4.6 5.10 ± 0.9 10.1 ± 
1.2 
7.2 ± 1.2 3.1 ± 0.3 P 
Emerilla spp. 5.9 3.68 ± 0.6 16.0 ± 
0.6 
10.1 ± 
1.4 
6.2 ± 0.2 R 
Fusarium spp. 5.6 4.16 ± 1.2 12.2 ± 
0.2 
8.2 ± 1.4 3.3 ± 0.4 RB 
Penicillum spp. 4.6 5.20 ± 1.6 23.0 ± 
0.3 
19.0 ± 
1.2 
14.4 ± 
0.2 
Y 
aR:red;P:pink,RB;reddishbrown,Y;yellow 
(source: Velrumugan et al., 2009) 
 
 
2.2     SECONDARY METABOLITE PRODUCTS 
 
 Secondary metabolites are products in which the production is not linked 
directly to the cell growth. Actually, there are a lot of secondary metabolites 
synthesized from Monascus purpureus strain which are pigment, citrinin and 
lovastatin. Mevinolin (lovastatin and monakolin K) is a product which can be used as 
a dietary supplement since it inhibits the production of cholesterol by certain 
methods. Monacolin K reduces the amount of cholesterol by inhibition of 3-hydroxy-
3-methylglutaryl CoA reductase (HMG-CoA reductase) (Chairote et al., 2010). 
Critinin shows negative effects on liver function and metabolism. As such, this 
critinin need to be getting rid of in the production.  
 The pigment by Monascus can be used as natural coloring agent and natural 
additives in food industries. The pigments can be classified in three colors which are 
red pigment, yellow pigment and orange pigment. These pigments are stable to 
temperature up to 60OC and pH2 to pH10. Its solubility in water and lipids, 
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production process and its applications can be affected by its polar structure 
(Carvalho et al., 2006).  
 
 
2.3      MAJOR PIGMENT OF Monascus 
 
 Several studies showed Monascus species produce six major pigments which 
can be classified according to the color (Arunachalam and Narmadhapriya, 2011). 
The most important major pigments are red pigment, yellowish pigment and orange 
pigment. Orange pigment consists of rubropunctatin and monascorubrin, yellow 
pigment consists of monascin and ankaflavin while red pigment consists of 
monascorubramine and  rubropuntamine. Several studies show that orange pigments 
had been found to undergo antibiotic activity against bacteria, yeast, and filamentous 
fungi. The factors that affect stability of pigments are acidity, temperature, light, 
oxygen, water activity and time (Dufosse et al., 2005). 
 It also can be concluded that red pigment is the most interest pigment than 
other pigment color because it is reported to be beneficial to  health as it can be used 
in therapeutic purpose besides being used as coloring agent. In western countries, red 
biopigment is used in meat processing industries while it is use as traditional food 
additives in East Asian countries (Pattanagul et al., 2008;Mukherjee and Singh, 
2010). 
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2.4      FERMENTATION  
 
2.4.1 Solid State Fermentation of Monascus Purpureus 
 
 According to Shuler and Kargi (2002) in Bioprocess Engineering Basic 
Concepts, solid-state fermentation involves the fermentation of solid substrates at 
lower moisture level which is in the range of 40% to 80%.  The usage of agricultural 
products in fermentation involves rice, corn, wheat and so on. It is important to use 
solid-state fermentation rather than submerged fermentation since solid-state 
fermentation can reduce the possibility of fermentation media by bacteria or yeast to 
contaminate. This is because they cannot tolerate lower water activity. On top of that, 
solid-state fermentation also important because spore formation is carried out in 
proper state and easy to obtain. Besides, this state of fermentation produce more 
pigment production than in submerged fermentation (Jiefeng et al.,2010). Teng and 
Feldheim(2000) also stated that solid state cultivation is much better than submerged 
fermentation. 
 The variables involve in solid-state fermentation are moisture content or can 
be known as water activity, inoculum density, temperature, pH, particle size and 
aeration or agitation. All of these parameters need to optimize in order to produce 
high product yield and increase the rate of pigment formation. Fermentation of 
Monascus species on rice to produce red yeast rice will synthesize high yield of 
pigments than other species as stated in the table 2.2 (Carvalho et al., 2007).  Red 
yeast rice is chosen also because of the optimal fermentation day for rice is only 7 
days compared to cassava baggase which around 10 to 11 days (Carvalho et al., 
2007). 
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Table 2.2 Biopigment Production (AU/g dry substrate) and Substrate Composition  
Substrate Approximate composition(g/kg dry basis) Average specific 
absorbance (AU/g dry 
substrate) carbohydrate protein phosphorus 
Rice 820 90 1.14 216 
Wheat 820 140 3.63 79 
Corn 770 130 3.19 60 
Soy 780 400 6.00 13 
Soy bran 330 480 7.00 22 
TSP 400 -* -* 12.6 
Cassava 864 19 10.99 119.6 
Cassava 
starch 
900 20 3.3 38.5 
Cassava 
flour 
910 14 2.2 98.1 
Cassava 
bagasse 
660 11 -* 15.7 
potato 800 100 9.6 4.7 
*(-) indicates data not known 
(source : Carvalho et al., 2007). 
 
 Solid state fermentation had been used as a traditional method for centuries 
ago due to the fact that it gives benefits to obtain high pigment yields at low cost 
consumption. In classical Chinese method, inoculation of steamed rice grains spread 
on big trays with a strain of Monascus species is involved. After that, the inoculated 
rice will be incubated in an aerated and temperature controlled room for 20 days. The 
important parameters to be controlled and  managed including the moisture content, 
oxygen level, carbon dioxide level in the surrounding and cereal medium 
composition when observing in this type of culture. In plastic bags consist of rice 
grains, red pigments also can be produced (Dhale, 2007).  
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2.4.2 Fermentation Parameters 
 
2.4.2.1 Moisture Level Content  
 
 In solid state fermentation, one of the most important parameter need to be 
optimized is moisture content. It is defined as the weight of water contained in rice 
which is expressed in percent. The unique characteristic of solid-state fermentation is 
the operation at low moisture level. This in turn will provide for a selective 
environment when dealing with mycelial organism like molds. Molds are fungi that 
grow in form of multicellular filaments. At 30% of moisture content, the microbial 
activity will become inhibit. At more than 60% of moisture level which is considered 
high to rice as the substrate, will cause solid substrate become sticky and in a result 
of, large aggregation will be formed (Babitha et al.,2007).  
 Therefore, it is important to obtain optimal moisture level in this research to 
avoid these conditions from happened. Duffose et al (2005) stated that optimal 
pigmentation was found at initial moisture content of 56% on rice. In this study, a 
trial and error method will be carried out in order to achieve 56% moisture content 
for the purpose of carrying out fermentation. 
 The application of measuring of rice moisture content is in managing and 
marketing of rice or paddy. According to Post harvest Unit of the International Rice 
Research Institute (2010), inaccurate tests in calculating moisture level will lead to 
extra drying cost and harvesting loss if paddy is harvested wetter than necessary. In 
addition, it will lead to spoilage if the grain is too wet in storage. Post harvest Unit of 
the International Rice Research Institute (2010) also indicated the formula to 
